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20 Abstract  
21 An innovative metaomics approach integrating metatranscriptomics and metaproteomics 
22 was used to characterize bacterial communities in the microbiota of the Lyme borreliosis 
23 spirochete vector, Ixodes ricinus (Acari: Ixodidae). Whole internal tissues and salivary 
24 glands from unfed larvae and female ticks, respectively were used. Reused I. ricinus RNA-
25 sequencing data for metranscriptomics analysis together with metaproteomics provided a 
26 better characterization of tick bacterial microbiota by increasing bacteria identification and 
27 support for identified bacteria with putative functional implications. The results showed the 
28 presence of symbiotic, commensal, soil, environmental, and pathogenic bacteria in the I. 
29 ricinus microbiota, including previously unrecognized commensal and soil 
30 microorganisms. The results of the metaomics approach may have implications in the 
31 characterization of putative mechanisms by which pathogen infection manipulates tick 
32 microbiota to facilitate infection. Metaomics approaches integrating different omics 
33 datasets would provide a better description of tick microbiota compositions, and insights 
34 into tick interactions with microbiota, pathogens and hosts. 
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40 The microbiota plays an important role in several processes affecting human and animal 
41 health, agriculture, environment, and host-pathogen interactions (Kau et al., 2011; Schwabe 
42 and Jobin, 2013; Philippot et al., 2013; Bouchez et al., 2016). Next-generation sequencing 
43 or omics technologies can be used for microbiota characterization under different 
44 experimental and natural conditions. Metagenomics have been used to characterize the 
45 microbiota in different hosts including both model and nonmodel organisms such as 
46 humans and tick vectors (Clay et al., 2008; Andreotti et al., 2011; Carpi et al., 2011; 
47 Vayssier-Taussat et al., 2015; Qiu et al., 2014; Williams-Newkirk et al., 2014; van Treuren 
48 et al., 2015; Narasimhan and Fikrig, 2015; Yoon et al., 2015; Abraham et al., 2017; Heintz-
49 Buschart and Wilmes, 2017; Greay et al., 2017; Varela-Stokes et al., 2017; Xiang et al., 
50 2017).  Different metatranscriptomics approaches have been also applied to the study of 
51 microbial communities in arthropod vectors and vertebrate hosts (Mäder et al., 2011; 
52 Johannson et al., 2013; Vayssier-Taussat et al., 2013; Razzauti et al., 2015; Luo et al., 
53 2017). Recently, metaproteomics and metabolomics have emerged as powerful tools for the 
54 characterization of dynamic host-microbiome interactions, particularly in combination with 
55 metagenomics and metatranscriptomics approaches (Tanca et al, 2013; 2014; Franzosa et 
56 al., 2015; Aguiar-Pulido et al., 2016; Cheng et al., 2017). Furthermore, metaomics or the 
57 integration of different omics approaches allows network-based analyses to describe the 
58 complexity and function of different biological processes involved in host/tick-pathogen 
59 and host/tick-microbiome interactions (Franzosa et al., 2015; Villar et al, 2015; Narasimhan 
60 and Fikrig, 2015), and the discovery of new targets for prevention and control of tick-borne 


























































62 Ixodes ricinus (Linnaeus 1758) (Acari: Ixodidae) are obligate hematophagous ectoparasites 
63 and vectors of multiple pathogens such as Borrelia spp. (Lyme borreliosis and hard tick-
64 borne relapsing fever), Anaplasma phagocytophilum (human granulocytic anaplasmosis), 
65 tick-borne encephalitis virus (TBE), and Babesia spp. (babesiosis) (de la Fuente et al., 
66 2008; 2017). Additionally, I. ricinus have a diverse community of commensal and 
67 symbiotic microorganisms which exert multiple effects on tick fitness, nutrition, 
68 development, reproduction, defense against environmental stress, immunity and 
69 transmission of tick-borne pathogens (Bonnet et al., 2017; de la Fuente et al., 2017). The I. 
70 ricinus microbiome was first characterized using a metagenomics approach (Carpi et al., 
71 2011; Nakao et al., 2013; Bonnet et al., 2014). Vayssier-Taussat et al. (2013) characterized 
72 the bacterial community of I. ricinus using a whole transcriptomics approach, resulting in a 
73 better identification of previously unknown bacteria and accurate identification of potential 
74 pathogens. This method also provides a better understanding of the tick-microbiome 
75 interactions when compared to metagenomics. Additionally, reusing RNA sequencing 
76 (RNA-seq) data has been also used as an efficient strategy for the screening of pathogens in 
77 ticks (Zhuang et al., 2014a). 
78 In this study, we used the integration of metatranscriptomics and metaproteomics for the 
79 characterization of the tick bacterial microbiota in unfed I. ricinus. Reused I. ricinus RNA-
80 seq data for metranscriptomics analysis together with metaproteomics provided a better 
81 characterization of tick microbiome by increasing bacterial identification and support for 
82 identified bacteria with putative functional implications. 
83 2. Materials and methods


























































85 Tick samples were obtained and processed as previously described (Genomic Resources 
86 Development Consortium et al., 2014). Briefly, I. ricinus unfed larvae and adult females 
87 were obtained from the reference laboratory colony maintained at the tick rearing facility of 
88 the Institute of Parasitology of the Biology Centre of the Academy of Sciences of the Czech 
89 Republic. Whole internal tissues and salivary glands from 300 larvae and 30 female ticks, 
90 respectively were combined and used for RNA-seq. All ticks were washed with a series of 
91 solutions composed of tap water, 3% hydrogen peroxide, two washes of distilled water, 
92 70% ethanol and two more washes with distilled water prior to dissection for DNA, RNA 
93 and protein extraction. Total DNA, RNA and proteins were extracted using Tri Reagent 
94 (Sigma-Aldrich, St. Louis, MO, USA) according to manufacturer instructions. RNA was 
95 further purified with the RNeasy MinElute Cleanup Kit (Qiagen, Valencia, CA, USA) and 
96 characterized using the Agilent 2100 Bioanalyzer (Santa Clara, CA, USA) in order to 
97 evaluate the quality and integrity of RNA preparations. DNA and RNA concentrations were 
98 determined using the Nanodrop ND-1000 (NanoDrop Technologies Wilmington, Delaware 
99 USA). Proteins were resuspended in 20 mM Tris-HCl pH 7.5 with 4% SDS and protein 
100 concentration was determined using the BCA Protein Assay kit (Thermo Scientific, 
101 Rockford, IL, USA) with bovine serum albumin (BSA) as standard.
102 2.2. Integrated metaomics experimental design.
103 An integrated metatranscriptomics and metaproteomics approach was developed for the 
104 characterization of I. ricinus bacterial microbiota (Fig. 1). Reused I. ricinus RNA-seq data 
105 (Genomic Resources Development Consortium et al., 2014) derived from combined female 
106 salivary glands and larvae were the basis for metatranscriptomics analysis that resulted in 


























































108 Uniprot protein database for application as a variant of the proteomics informed by 
109 transcriptomics (PIT) approach (Evans et al., 2012) in the metaproteomics analysis. 
110 2.3. Metatranscriptomics for the identification of bacterial species in the tick 
111 microbiome. 
112 A metatranscriptomics pipeline was developed based on the reused I. ricinus RNA-seq data 
113 (Fig. 1). Tick RNA-seq analysis was conducted as previously described (Genomic 
114 Resources Development Consortium et al., 2014). The I. ricinus transcriptome, raw reads 
115 and assembly results can be accessed at dryad entries doi: 10.5061/dryad.9js92/1 - doi: 
116 10.5061/dryad.9js92/8. The metatranscriptomics database was then generated from the 
117 19,831,942 I. ricinus unaligned reads that did not match to the I. scapularis reference 
118 genome (assembly JCVI_ISG_i3_1.0; 
119 http://www.ncbi.nlm.nih.gov/nuccore/NZ_ABJB000000000) (Genomic Resources 
120 Development Consortium et al., 2014). The unaligned reads were extracted from the BAM 
121 files (the binary version of the SAM file, a tab-delimited text file that contains sequence 
122 alignment data) that resulted after the assembly of I. ricinus transcriptome using the 
123 SAMtools (Li et al., 2009; Li, 2011; http://samtools.sourceforge.net). Then, the unaligned 
124 reads were searched against a bacterial sequence database constructed with genome and/or 
125 species-specific ribosomal RNA (rRNA) sequences downloaded from the NCBI 
126 (https://www.ncbi.nlm.nih.gov) (Supplementary file 1 – Table 1). The bioinformatics 
127 approach to identify bacterial sequences was done in two steps. First, the LAST genome-
128 scale sequence comparison tool (http://last.cbrc.jp) was used to search against the bacterial 
129 database previously constructed.  The reads containing poly-A tails were discarded. As cut-
130 off criteria for genome-scale sequence comparison we applied minimum alignment length 


























































132 identity. Then, the putative bacterial reads detected with LAST were further confirmed by 
133 BLAST (https://blast.ncbi.nlm.nih.gov/Blast.cgi?PAGE_TYPE=BlastSearch)
134 (Frith et al., 2010 a,b; Kiełbasa et al., 2011). BLAST assignments were done by using the 
135 10 best BLAST hits (BBH) for each putative bacteria previously assigned by LAST. The 
136 sequences with hits matching to bacteria were confirmed as identified bacterial sequences, 
137 discarding the rest. Manual filtering was applied to remove those sequences with similarity 
138 to functional domains. The metatranscriptomics database was constructed taking the 
139 number of count reads or identifications (IDs) assigned to each identified bacterial 
140 sequences, and normalized against the total number of IDs (Supplementary file 2 – Dataset 
141 1). 
142 2.4. Metaproteomics for bacterial protein identification.
143 The metaproteomics pipeline included de novo identification using a protein database 
144 constructed based on the bacterial genera identified by metatrascriptomics, a variant of the 
145 PIT approach (Evans et al., 2012) (Fig. 1). Protein extracts (150 μg per sample) were on-gel 
146 concentrated by SDS-PAGE as previously described (Villar et al., 2015). The unseparated 
147 protein band was visualized by staining with GelCode Blue Stain Reagent (Thermo 
148 Scientific), excised, cut into 2x2 mm cubes and digested overnight at 37 °C with 60 ng/µl 
149 sequencing grade trypsin (Promega, Madison, WI, USA) at 5:1 protein:trypsin (w/w) ratio 
150 in 50 mM ammonium bicarbonate, pH 8.8 containing 10% (v/v) acetonitrile (Shevchenko et 
151 al., 2006). The resulting tryptic peptides from the gel band were extracted by 30 min-
152 incubation in 12 mM ammonium bicarbonate, pH 8.8. Trifluoroacetic acid was added to a 
153 final concentration of 1% and the peptides were finally desalted onto OMIX Pipette tips 
154 C18 (Agilent Technologies, Santa Clara, CA, USA), dried-down and stored at -20 °C until 


























































156 acid and analyzed by reverse phase (RP)-liquid chromatography (LC)-mass spectrometry 
157 (MS)/MS (RP-LC-MS/MS) using an Easy-nLC II system coupled to an ion trap LCQ Fleet 
158 mass spectrometer (Thermo Scientific). The peptides were concentrated (on-line) by 
159 reverse phase chromatography using a 0.1x20 mm C18 RP pre-column (Thermo Scientific), 
160 and then separated using a 0.075 x 100 mm C18 RP column (Thermo Scientific) operating 
161 at 0.3 ml/min. Peptides were eluted using a 180-min gradient from 5 to 35% solvent B in 
162 solvent A (solvent A: 0.1% formic acid in water, solvent B: 0.1% formic acid in 
163 acetonitrile). Electrospray ionization (ESI) was done using a Fused-silica PicoTip Emitter 
164 ID 10 mm (New Objective, Woburn, MA, USA) interface. Peptides were detected in survey 
165 scans from 400 to 1600 amu (1 mscan), followed by three data dependent MS/MS scans 
166 (Top 3), using an isolation width of 2 mass-to-charge ratio units, normalized collision 
167 energy of 35%, and dynamic exclusion applied during 30 sec periods. The MS/MS raw files 
168 were searched against a compiled database containing the Uniprot Ixodidae taxonomy 
169 (134,957 entries in February 2017) together with a database created from the bacterial 
170 genera identified by metatranscriptomics (4,185,346 Uniprot entries in February 2017) 
171 using the SEQUEST algorithm (Proteome Discoverer 1.4, Thermo Scientific). The 
172 following constraints were used for the searches: tryptic cleavage after Arg and Lys, up to 
173 two missed cleavage sites, and tolerances of 1 Da for precursor ions and 0.8 Da for MS/MS 
174 fragment ions and the searches were performed allowing optional Met oxidation and Cys 
175 carbamidomethylation. A false discovery rate (FDR) < 0.01 was considered as condition 
176 for successful peptide assignments and at least two peptides per protein were the necessary 
177 condition for protein identification. After discarding Ixodidae assignations, peptides 
178 corresponding to bacterial genera were grouped and the total number of peptide spectrum 


























































180 PSMs (Supplementary file 3 – Dataset 2). The gene ontology (GO) annotations for 
181 biological process (BP) were done in proteins identified in tick-borne pathogens (TBPs; 
182 Anaplasma, Borrelia, Ehrlichia and Rickettsia genera) according to Uniprot 
183 (http://www.uniprot.org) (Supplementary file 3 – Dataset 2).
184 2.5. Phylogenetic and taxonomic abundance analyses.
185 The metatrasncriptomics and metaproteomics bacteria relative abundance and taxonomic 
186 analyses were done using a Heatmap Tool associated with a pruned phylogenetic tree 
187 generated with the platform phyloT (http://phylot.biobyte.de) based on NCBI taxonomy, 
188 and visualized using the Interactive Tree of Life software v3.4.3 (http://itol.embl.de) 
189 (Letunic and Bork, 2011). A correlation analysis was conducted in Microsoft Excel 
190 (version 12.0) between bacterial genera identification by metatranscriptomics (IDs) and 
191 metaproteomics (PSMs). The Pearson's correlation coefficient was calculated using the 
192 Pearson's Correlation Coefficient Calculator 
193 (http://www.socscistatistics.com/tests/pearson/Default2.aspx) (r = 0.5).
194 2.6. Validation of tick bacterial microbiota identifications by real-time PCR.
195 DNA from the same unfed larvae and female salivary glands samples were used for 
196 validation of tick bacterial microbiota identification by real-time PCR. Specific 
197 oliginucleotide primers for the bacteria Rickettsia spp., Ehrlichia spp., Spotted Fever Group 
198 (SFG) Rickettsia, Anaplasma spp., Anaplasma phagocytophilum, Borrelia spp., Wolbachia 
199 spp., Candidatus Midichloria mitochondrii and Pseudomonas putida were used (Table 1). 
200 The iScript One-Step was used to perform the real-time PCR with SYBR Green and the 
201 iQ5 thermal cycler (Bio-Rad, Hercules, CA, USA) following manufacturer's 
202 recommendations. A dissociation curve was run at the end of the reaction to ensure that 


























































204 temperature range for every sample (Ririe et al., 1997). DNA levels were normalized 
205 against tick 16S rRNA and Ixodes rps4 genes following the conditions previously reported 
206 by Zivkovic et al. (2009) and Koči et al. (2013). Normalization was performed using the 
207 genNorm method (ddCT method as implemented by Bio-Rad iQ5 Standard Edition, 
208 Version 2.0) (Livak and Schmittgen, 2001). 
209 3. Results and discussion
210 3.1. Metatranscriptomics bacteria identification in I. ricinus microbiota.
211 The metatranscriptomics analysis identified a total of 450 reads that matched with specific 
212 bacterial genomes distributed among 8 phyla and 38 genera, including uncultured bacteria 
213 (Table 2, Fig. 2 and Supplementary file 2 – Dataset 1). The most represented phyla 
214 identified were Proteobacteria with 21 genera, followed by Actinobacteria and Firmicutes 
215 represented by 7 and 4 genera, respectively (Table 2). Other phyla such as Tenericutes, 
216 Spirochaetes, Fusobacteria and Bacteroidetes were also identified but with lower diversity 
217 (Table 2 and Figure 2). As expected, most of the bacteria identified by metatranscriptomics 
218 have been previously described as apart of the microbiota in different tick species (Table 
219 3). However, other genera such as Actinomyces, Amycolatopsis, Bidifidobacterium, 
220 Giliamella, Kurthia, Mesorhizobium and Variovorax have not been previously reported in 
221 ticks (Table 3). Identified bacteria included tick endosymbionts such as Candidatus 
222 Midichloria, Wolbachia, Francisella, Spiroplasma and Rickettsiella, commensals such as 
223 Escherichia, Staphylococcus and Streptococcus, soil and environmental microorganisms 
224 such as Acinetobacter, Arthrobacter, Bradyrhizobium, Sphingomonas and Pseudomonas, 
225 human pathogens such as Brucella and Enterococcus, and TBPs such as Anaplasma, 


























































227 newly identified bacteria in tick microbiota, commensal (Actinomyces, Bidifidobacterium, 
228 Giliamella) and soil (Amycolatopsis, Kurthia, Mesorhizobium and Variovorax) 
229 microorganisms were present (Table 2, Fig. 2 and Table 3). 
230 3.2. Integration of metatranscriptomics and metaproteomics approaches. 
231  The metatranscriptomics and metaproteomics results were integrated to provide a 
232 metaomics approach to bacteria identifications in the I. ricinus microbiota. A total of 
233 10,845 PSMs were assigned to different bacterial genera present in the metatranscriptomics 
234 database (Supplementary file 3 – Dataset 2). Metaproteomics not only provided support to 
235 metatranscriptomics results by identifying 87% of the identified bacterial genera (Table 2), 
236 but also increased bacteria identification for different genera (Fig. 3A, Supplementary file 2 
237 – Dataset 1 and Supplementary file 3 – Dataset 2). However, metaproteomics may results in 
238 some peptide assignments that could match to several related species, which requires 
239 further analyses with amino acid sequences of peptides used for protein identity for better 
240 definition at the species level (Tanca et al., 2013; 2014; Fernández de Mera et al., 2017). 
241 Therefore, the integration of metaproteomics with metatranscriptomics provides a better 
242 resolution at the species level. For example, although several Rickettsiella spp. were 
243 identified at metatranscriptomics and metaproteomics levels, only a Rickettsiella 
244 endosymbiont of Ixodes spp. was identified by both analyses (Supplementary file 2 – 
245 Dataset 1 and Supplementary file 3 – Dataset 2). These bacteria are closely related to 
246 pathogenic Rickettsiella spp. (Cordaux et al., 2007), and the metaomics approach provided 
247 a better support for the presence of Rickettsiella endosymbionts in the I. ricinus microbiota. 
248 Differences in bacterial identification by metranscriptomics and metaproteomics may be 
249 also due to differences in RNA and protein levels (Fig. 2 and Table 2), which could be 


























































251 Ayllón et al., 2015; Villar et al., 2015). This suggestion was supported by the multiple 
252 bacterial proteins that were identified by metaproteomics when compared to results of 
253 metatranscriptomics analysis (Supplementary file 2 – Dataset 1 and Supplementary file 3 – 
254 Dataset 2). Additional support to integrated metatranscriptomics and metaproteomics 
255 results was provided at the DNA level by PCR (Fig. 3B).
256 3.3. Putative functional implications of integrated metaomics results.
257 This study is a “proof-of-concept” for the metaomics approach to tick microbiome 
258 characterization. Integrated metatranscriptomics and metaproteomics results were 
259 functionally more relevant than those obtained by metranscriptomics alone, suggesting that 
260 identified bacteria might form part of the active microbial community in unfed I. ricinus. 
261 Differences in bacterial microbiota composition have been attributed to variations between 
262 tick species, collection sites, sex and developmental stages, feeding status, and pathogen 
263 infection (Williams-Newkirk et al., 2014; van Treuren et al., 2015; Bonnet et al., 2017; 
264 Abraham et al., 2017; Xiang et al., 2017). A correlation analysis between 
265 metatranscriptomics and metaproteomics results revealed the absence of correlation for the 
266 entire bacterial microbiome, and for certain phyla such as Proteobacteria and 
267 Actinobacteria (Fig. 3C). However, for Firmicutes and TBPs a positive correlation was 
268 obtained between normalized RNA IDs and protein PSMs (Fig. 3C). Most of the 
269 metatranscriptomics data corresponded to rRNA, which is the predominant material in the 
270 ribosome and essential for protein synthesis (Cole et al., 2003). Therefore, a positive 
271 correlation between rRNA and protein levels may reflect that these bacteria were 
272 metabolically active in unfed I. ricinus. These commensal and environmental bacteria 
273 (Firmicutes) and TBPs may interact to affect multiple processes in the tick such as tick 


























































275 immunity and vector competence (Narasimhan and Fikrig, 2015; Bonnet et al., 2017; de la 
276 Fuente et al., 2017; Abraham et al., 2017). 
277 The GO analysis for BP was conducted on proteins identified in TBPs (Anaplasma, 
278 Borrelia, Ehrlichia and Rickettsia genera) (Supplementary file 3 – Dataset 2) that showed a 
279 positive correlation between metatranscriptomics and metaproteomics results (Fig. 3C). 
280 The results showed that excluding unknown proteins, energy metabolism was the most 
281 abundant BP in all bacterial genera (Fig. 4). Another BP represented in all bacteria was 
282 protein synthesis (Fig. 4). Finally, BPs represented in some but not all bacterial genera 
283 included regulation of tick host gene expression, bacteria-tick interactions, DNA replication 
284 and transcription, DNA repair, nucleoside metabolism, cell wall biosynthetic process, cell 
285 division, and motility (Fig. 4). These results further supported that some of the identified 
286 bacteria may be metabolically active, and involved in tick-bacteria interactions. 
287 The I. ricinus ticks used in this study were obtained from an uninfected reference 
288 laboratory colony. Then, why TBPs such as A. phagocytophilum and Borrelia spp. were 
289 identified by integrated metatranscriptomics and metaproteomics analysis? Two possible 
290 responses to this question are (a) that the colony may be infected with transovarially 
291 transmitted TBPs or (b) that although these bacteria were identified as TBPs, they may 
292 represent non-pathogenic genetic variants of these pathogens. In support to the last 
293 suggestion, it has been shown the presence of non-pathogenic species and/or variants in 
294 both A. phagocytophilum and Borrelia spp. (Anderson et al., 1990; Massung et al., 2002; 
295 2003; Portillo et al., 2005; Al-Khedery and Barbet, 2014; Stokes et al., 2016). Nevertheless, 
296 their role as commensals or pathogenic potential is unknown. 
297 Recently, Abraham et al. (2017) demonstrated that A. phagocytophilum manipulates tick 


























































299 in alteration of bacterial biofilm formation to facilitate infection. Additionally, they showed 
300 that A. phagocytophilum alters the composition of the tick microbiota after midgut infection 
301 (Abraham et al., 2017). Based on our results and using commensal (Streptococcus) and 
302 Anaplasma bacteria that were identified in the I. ricinus microbiota as putatively 
303 metabolically active (Firmicutes and TBPs with a positive correlation between normalized 
304 RNA IDs and protein PSMs; Fig. 3C), we hypothesized that Anaplasma infection may be 
305 also facilitated by interfering with biofilm formation through reduction of the levels of 
306 biofilm matrix binding proteins (MBPs) and/or the presence of bacteria producing MBPs. 
307 Biofilm MBPs play structural roles in the biofilm formation and are produced by several 
308 commensal bacteria (Fong and Yildis, 2015), but in this study were identified only in 
309 Streptococcus (A0A0M4K0V8, A0A0M4JKY5, and E1M3U5; normalized PSMs = 0.06, 
310 Supplementary file 3 – Dataset 2). However, this hypothesis needs to be addressed by 
311 studies in ticks uninfected and experimentally infected with pathogens such as A. 
312 phagocytophilum. 
313 4. Conclusions
314 The innovative metaomics approach used in this study resulted in the characterization of 
315 the bacterial microbiota in unfed I. ricinus. The approach proposed in this study for the 
316 characterization of tick microbiota was based on reused RNA-seq data. Although this is a 
317 limitation when compared to metagenomics approaches, it provides the opportunity to reuse 
318 already existing data for microboiota characterization. The reuse of RNA-seq data not 
319 targeted at bacterial sequences probably affects the identification of some bacterial taxa. 
320 However, the integration of metatrancriptomics and metaproteomics approaches provided a 


























































322 increasing bacteria identification and support for identified bacteria with putative functional 
323 implications. The results corroborated previous reports on the presence of symbiotic, 
324 commensal, soil, environmental, and pathogenic bacteria in the I. ricinus microbiota. 
325 Additionally, previously unrecognized commensal and soil microorganisms were identified 
326 in unfed I. ricinus. The results of the metaomics approach suggested new mechanisms by 
327 which pathogen infection affects biofilm formation to manipulate tick microbiota and 
328 facilitate infection. Metaomics approaches integrating different omics datasets from 
329 metagenomics, metatranscriptomics and metaproteomics studies would provide a better 
330 description of tick microbiota composition, and insights into functional implication of tick 
331 interactions with microbiota, pathogens and hosts.
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345 Supplementary file 1 – Table 1. Bacterial sequence database constructed with genome 
346 and/or species-specific rRNA sequences. 
347 Supplementary file 2 - Dataset 1. Metatranscriptomics database of tick bacterial 
348 microbiota. 
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606 Figure 1. Metaomics experimental design. An integrated metatranscriptomics and 
607 metaproteomics approach was developed for the characterization of I. ricinus bacterial 
608 microbiota. Reused I. ricinus RNA-seq data was the basis for metatranscriptomics analysis 
609 that resulted in the database of identified bacterial genera. This database was then use to 
610 generate the Uniprot protein database used in metaproteomics analysis.
611 Figure 2. Phylogenetic and taxonomic abundance analyses. Phylogenetic pruned tree 
612 and associated heatmap showing the relative abundance of bacterial genomes (number of 
613 count reads or identifications, IDs) and the correspondent peptide assignments (peptide 
614 spectrum matches, PSMs) at genus level. The analyses were done using a Heatmap Tool 
615 associated with a pruned phylogenetic tree generated with the platform phyloT 
616 (http://phylot.biobyte.de) based on NCBI taxonomy, and visualized using the Interactive 
617 Tree of Life software v3.4.3 (http://itol.embl.de).
618 Figure 3. Comparative analysis of metranscriptomics and metaproteomics results. (A) 
619 Representation of the bacterial phyla with the corresponding number of genera (species) 
620 identified at RNA/protein levels. (B) Validation of integrated metatranscriptomics and 
621 metaproteomics results by PCR. Bacterial DNA levels were determined by real-time PCR 
622 and normalized against tick 16S rRNA and Ixodes rps 4. Oligonucleotide primers and real-
623 time PCR conditions are described in Table 2. DNA levels are shown in arbitrary units as 
624 normalized Ct values. Two experiments were conducted with similar results. (C) 
625 Correlation analysis was conducted between normalized number of count reads or 
626 identifications (IDs; metatranscriptomics) and peptide spectrum matches (PSMs; 


























































628 Proteobacteria (N=21), Actinobacteria (N=7) and Firmicutes (N=4) phyla represented by 4 
629 genera or more, and TBPs (genera Anaplasma, Ehrlichia, Rickettsia, and Borrelia). The 
630 linear correlation coefficients (R2) and Pearson correlation coefficients (*r > +0.5) are 
631 shown. For reference, Streptococcus and Anaplasma genera are shown in black and red 
632 rhombuses, respectively.
633 Figure 4. Protein annotation in identified tick-borne pathogens. The GO analysis for 
634 BP was conducted on proteins identified in TBPs (Anaplasma, Borrelia, Ehrlichia and 
635 Rickettsia genera). Quantitative representation of BP abundance (%) was done using the 


























































638 Table 1. Oligonucleotide primers and real-time PCR conditions. 
Organism     
Gene













Ixodes spp. rps 4
GGTGAAGAAGATTGTCAAGCAGAG
TGAAGCCAGCAGGGTAGTTTG 54 °C













Oteo et al., 
2006








































































































640 Table 2. Relative bacteria IDs and PSMs obtained at genus level.  
641
Phylum Genus IDs PSMs





Candidatus Midichloria 15.55 0.05



















































































Spirochaetes Borrelia 20.67 1.23
Treponema 0.22 0.00
Bacteroidetes Mucilaginibacter 0.22 1.72
Fusobacteria Leptotrichia 0.22 0.27
Tenericutes Spiroplasma 10.67 1.03
Uncultured bacteria Uncultured bacteria 2.22 2.63
642
643 Normalized data is shown as the number of count reads or identifications/ peptide spectrum 


























































646 Table 3. Biological information about bacterial genera identified by 
647 metatranscriptomics in I. ricinus, and previously reported in different tick species.
648
Bacterial genera Biological information Tick spp. References
Actinomyces Commensals of the caecum 
gut flora and oral cavities in 
human. Responsible of 
abscesses formation in the 




Soil organisms. Some 
species are opportunistic 
pathogens causing human 
infections.
I. scapularis                                                                                                             






americanum                                            
Dermacentor 
niveus                                                  
Benson et al., 2004;
Moreno et al., 2006; 
van Overbeek et al., 
2008; Qiu et al., 
2014; Clay et al., 
2008; Zhuang et al., 
2014b; Narashiman 
et al., 2014; 2017;
Abraham et al., 
2017
Amycolatopsis






bacterial pathogens causing 
diseases in humans and 
animals.
I. scapularis                                                                                                             
I. persulcatus 
I. pavlovskyi        
I. ricinus                                      
Benson et al., 2004;
Moreno et al., 2006; 
Kurilshikov et al., 
2014; van Overbeek 
et al., 2008
Arthrobacter Soil bacteria associated to bioremediation processes.
D. niveus                                                  Zhuang et al.,
2014b
Bidifidobacterium
Commensal and symbiotic 
bacteria in the human body. 
Produce lactic acid that 




responsible for Lyme 
disease and relapsing fever 
in mammals.
Rhipicephalus 
microplus                                       
I. ricinus                                                                                                                                                                                                  
I. scapularis                                           
I. persulcatus
I. pavlovskyi        
A. americanum                                            
Andreotti et al., 
2011; Carpi et al., 
2011;Vayssier-
Taussat et al., 2013;
van Overbeek et al., 
2008; Schabereiter-
Gurtner et al., 2003;
Moreno et al., 2006; 



























































Clay et al., 2008
Bradyrhizobium Soil bacteria, present in the roots of plant fixing N2.
I. ovatus                                                          
I. persulcatus
H. flava
Qiu et al., 2014
Brevibacterium Soil bacteria, some species can be found in human skin.
I. ovatus
I. scapularis                                                                                                             
                                                          
Qiu et al., 2014; 
Narashiman et al.,
2014; 2017; 
Abraham et al., 
2017
Brucella
Pathogenic bacteria causing 
disease in human and 
animals.





A. americanum                                          
I. ricinus                                      
Ponnusamy et al., 
2014; Trout Fryxell 
and DeBuyn, 2016;






I. ricinus                                                                                                                                                           
I. pavlovskyi                                   
Carpi et al., 2011; 
Vayssier-Taussat et 
al., 2013; van 




Saprophytes, some species 
are pathogenic for plants 
and animals.
R. microplus                                       
I. ovatus                                                          
I. persulcatus
H. flava
Andreotti et al., 




bacterial pathogens causing 
diseases in humans and 
animals.
I. scapularis                                            
I. persulcatus                                                                                                          
I. ovatus                                                          
H. flava
D. reticulatus   
R. microplus                                                     
A. americanum 
Benson et al., 2004;
Kurilshikov et al.,
2014; Qiu et al.,
2014; Xu et al., 
2015; Clay et al., 
2008
Enterococcus
Commensals of digestive 
tract, opportunistic 
pathogens causing 
septicemia and urinary tract 
infection in mammals.
R. microplus                                       
I. ovatus                                                          
I. persulcatus 
A. americanum                                            
Andreotti et al., 
2011; Qiu et al.,
2014; Clay et al., 
2008
Escherichia
Commensals of digestive 
and urinary tracts, 
opportunistic pathogens 
causing diarrhea to 
dysentery in mammals.
R. microplus                                       
D. silvarum                                                     
D. niveus                                                  
I. persulcatus                                                 
Andreotti et al., 
2011; Liu et al.,
2016; Zhuang et al.,
2014b; Qiu et al.,
2014




























































pathogens transmitted by 
vectors (ticks, mosquitoes, 
flies), and causing tularemia.
D. andersoni                                                          
I. ricinus                                                                                                                     
I. ovatus                                                             
I. persulcatus                             
A. maculatum                                          
2014; Gall et al.,
2016; Vayssier-
Taussat et al., 2013;
Nakao et al., 2013;
Budachetri et al.,
2014
Giliamella Bee endosymbiotic bacteria. Data not found
Klebsiella
Saprophytes in soil and 
water, commensals of 
gastrointestinal tract, 
opportunistic pathogens 
responsible for septicemia 
and pneumonia in mammals




present in mammal feces, 
soil and water. 





Natural flora in humans, 
some species cause 
opportunistic infections.
I. persulcatus                                                 Qiu et al., 2014
Mesorhizobium Soil bacteria, present in the roots of plant fixing N2.
Data not found




transmitted by vectors 
(ticks, fleas, chiggers, lice), 
responsible for human 
diseases such as spotted 
fever and typhus.
I. scapularis                                                                                                                           
I. ovatus                                                                                                                                
I. affinis 
I. persulcatus                                                                                                                                                                                        





H. longicornis                                                 
H. formosensis 
H. flava                                                            
A.testudinarium 
A. americanum                                                                                                                   
A. maculatum                                 
R. microplus                                               
 
Benson et al., 2004;
Moreno et al., 2006;
van Treuren et al., 
2015; Qiu et al.,
2014; Nakao et al., 
2013; van Treuren 
et al., 2015; 
Kurilshikov et al., 
2014; Zhuang et al., 
2014b; Williams-
Newkirk et al., 
2014; Carpi et al.,
2011; van Overbeek 




Gurtner et al., 2003;
Liu et al., 2016; 
Gall et al., 2016; 


























































2014; Trout Fryxell 
and DeBuyn, 2016; 
Clay et al., 2008; 
Budachetri et al., 
2014; Xiang et al., 
2017; Xu et al., 
2015
Propionibacterium Commensals of human gut and skin.
I. ricinus                                                      
I. ovatus                                                          
I. persulcatus
H. flava
Carpi et al., 2011; 
Qiu et al., 2014
Pseudomonas
Saprophytes in soil, 
opportunistic pathogens for 
humans and plants, plant 
growth promoters.
R. microplus                                                                                                                   
I. ricinus                                                                                              
I. scapularis                                           
I. persulcatus                                                  
I. pavlovsky 
I. ovatus                                                          
H. longicornis                                                 
D. niveus                                                  
A. americanum                                            
Andreotti et al., 
2011; Xu et al., 
2015; Schabereiter-
Gurtner et al., 2003;
Carpi et al., 2011;
Moreno et al., 2006;
Qiu et al., 2014;
Kurilshikov et al.,
2014; Liu et al., 
2016; Zhuang et al., 
2014b; Clay et al., 
2008
*Rhodococcus
Saprophytes in soil and 
water, one species is 
pathogenic for animals 
causing pneumonia.
R. microplus                                       
I. ricinus                                                                                              
I. persulcatus                                                                                                           
I. ovatus                                                          
I. pavlovsky 
I. scapularis                                           
Andreotti et al., 
2011; Carpi et al., 
2011; Schabereiter-
Gurtner et al., 2003;
Kurilshikov et al., 
2014; Qiu et al., 






I. pavlovsky                                     
A. variegatum                                          
Kurilshikov et al., 
2014; Nakao et al., 
2013
Sphingomonas
Environmental bacteria and 
bioremediation agents, some 
specimens cause clinical 
infections in humans.
I. scapularis                                            
I. ovatus                                                          
I. persulcatus
H. longicornis                                                 
H. flava                                                            
Benson et al., 2004;
Qiu et al., 2014; Liu
et al., 2016
Sphingobium Commonly isolated from soil
D. niveus 
I. ovatus                                                                   
Zhuang et al., 
2014b; Qiu et al.,
2014
Spiroplasma
Symbionts in the gut 
hemolymph, few species are 
pathogenic for mice 
































































Saprophytes in soil, 




R. microplus                                                                                                                                   
D. nievus                                                          




Andreotti et al., 
2011; Xu et al.,
2015; Zhuang et al., 
2014b;Schabereiter-
Gurtner et al., 2003; 
Qiu et al., 2014
Streptococcus
Saprophytes in soil and 
water, commensals of skin 





I. scapularis                                                      
Andreotti et al., 
2011; Benson et al.,
2004
Variovorax




Wolbachia Mutualistic bacteria of many insects and nematodes
R. microplus                                                
I. scapularis                                                     
I. ricinus                                                               
Andreotti et al., 
2011; Benson et al.,
2004; Carpi et al., 
2011; van Overbeek 
et al., 2008
649
650 Table modified from Razzauti et al. (2015). 
651 *These genera were previously identified as contamination of DNA extraction kits reagents 
652 and ultrapure water systems, which may lead to erroneous identifications in bacterial 
653 assignments (Salter et al., 2014).
654
2073
2074
2075
2076
2077
2078
2079
2080
2081
2082
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2088
2089
2090
2091
2092
2093
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2097
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2099
2100
2101
2102
2103
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2107
2108
2109
2110
2111
2112
2113
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2116
2117
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2119
2120
2121
2122
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2124
2125
2126
2127
2128




	
1	
Su
pp
le
m
en
ta
ry
 fi
le
 1
 –
 T
ab
le
 1
. B
ac
te
ri
al
 s
eq
ue
nc
e 
da
ta
ba
se
 c
on
st
ru
ct
ed
 w
ith
 g
en
om
e 
an
d/
or
 s
pe
ci
es
-s
pe
ci
fic
 r
R
N
A
 s
eq
ue
nc
es
. 
	 A
cc
es
si
on
 N
um
be
r 
(N
C
B
I)
 
T
ax
on
om
ic
 A
ss
ig
nm
en
ts
 
N
C
_0
19
39
5 
Ac
id
ip
ro
pi
on
ib
ac
te
ri
um
 a
ci
di
pr
op
io
ni
ci
 A
TC
C
 4
87
5,
 c
om
pl
et
e 
ge
no
m
e 
N
C
_0
14
37
4 
Ac
id
ilo
bu
s s
ac
ch
ar
ov
or
an
s 3
45
-1
5,
 c
om
pl
et
e 
ge
no
m
e 
N
C
_0
13
92
6 
Ac
id
ul
ip
ro
fu
nd
um
 b
oo
ne
i T
46
9,
 c
om
pl
et
e 
ge
no
m
e 
K
U
99
15
70
.1
 
Ac
in
et
ob
ac
te
r t
je
rn
be
rg
ia
e 
st
ra
in
 T
40
 1
6S
 ri
bo
so
m
al
 R
N
A
 g
en
e,
 p
ar
tia
l s
eq
ue
nc
e 
N
C
_0
09
05
3 
Ac
tin
ob
ac
ill
us
 p
le
ur
op
ne
um
on
ia
e 
L2
0 
se
ro
ty
pe
 5
b 
co
m
pl
et
e 
ge
no
m
e 
C
P0
14
23
2.
1 
Ac
tin
om
yc
es
 o
ri
s s
tra
in
 T
14
V
, c
om
pl
et
e 
ge
no
m
e 
N
R
_1
17
35
8.
1 
Ac
tin
om
yc
es
 o
ri
s s
tra
in
 A
TC
C
 2
70
44
 1
6S
 ri
bo
so
m
al
 R
N
A
 g
en
e,
 p
ar
tia
l s
eq
ue
nc
e 
LT
22
36
15
.1
 
Ac
tin
om
yc
es
 o
do
nt
ol
yt
ic
us
 p
ar
tia
l 1
6S
 rR
N
A
 g
en
e,
 st
ra
in
 M
ar
se
ill
e-
P2
37
9 
LT
57
63
85
.1
 
Ac
tin
om
yc
es
 sp
. M
ar
se
ill
e-
P2
82
5 
pa
rti
al
 1
6S
 rR
N
A
 g
en
e,
 st
ra
in
 M
ar
se
ill
e-
P2
82
5 
N
C
_0
22
52
1 
Ae
ro
py
ru
m
 c
am
in
i S
Y
1 
= 
JC
M
 1
20
91
 D
N
A
, c
om
pl
et
e 
ge
no
m
e.
 
N
C
_0
03
06
2 
Ag
ro
ba
ct
er
iu
m
 fa
br
um
 st
r. 
C
58
 c
hr
om
os
om
e 
ci
rc
ul
ar
, c
om
pl
et
e 
se
qu
en
ce
 
N
C
_0
18
01
1 
Al
is
tip
es
 fi
ne
go
ld
ii 
D
SM
 1
72
42
, c
om
pl
et
e 
ge
no
m
e 
N
C
_0
14
31
8 
Am
yc
ol
at
op
si
s m
ed
ite
rr
an
ei
 U
32
 c
hr
om
os
om
e,
 c
om
pl
et
e 
ge
no
m
e 
C
P0
09
11
0.
1 
Am
yc
ol
at
op
si
s m
et
ha
no
lic
a 
23
9,
 c
om
pl
et
e 
ge
no
m
e 
N
C
_0
04
84
2 
An
ap
la
sm
a 
m
ar
gi
na
le
 st
r. 
St
. M
ar
ie
s, 
co
m
pl
et
e 
ge
no
m
e 
C
P0
06
84
7.
1 
An
ap
la
sm
a 
m
ar
gi
na
le
 st
r. 
D
aw
n 
ge
no
m
e 
N
C
_0
07
79
7 
An
ap
la
sm
a 
ph
ag
oc
yt
op
hi
lu
m
 H
Z,
 c
om
pl
et
e 
ge
no
m
e 
K
X
23
60
49
.1
 
An
ap
la
sm
a 
ph
ag
oc
yt
op
hi
lu
m
 is
ol
at
e 
LY
D
52
 1
6S
 ri
bo
so
m
al
 R
N
A
 g
en
e,
 p
ar
tia
l s
eq
ue
nc
e 
C
P0
15
37
6.
1 
An
ap
la
sm
a 
ph
ag
oc
yt
op
hi
lu
m
 st
r. 
N
or
w
ay
 v
ar
ia
nt
2,
 c
om
pl
et
e 
ge
no
m
e 
K
M
02
14
18
.1
 
An
ap
la
sm
a 
ph
ag
oc
yt
op
hi
lu
m
 st
r. 
B
ov
B
at
18
 2
3S
 ri
bo
so
m
al
 R
N
A
 g
en
e,
 p
ar
tia
l s
eq
ue
nc
e 
K
M
02
14
25
.1
 
An
ap
la
sm
a 
pl
at
ys
 st
r. 
C
hi
eC
al
05
 2
3S
 ri
bo
so
m
al
 R
N
A
 g
en
e,
 p
ar
tia
l s
eq
ue
nc
e 
K
T3
64
32
7.
1 
An
ap
la
sm
a 
sp
. "
iv
or
ie
ns
e 
TC
I1
49
" 
23
S 
rib
os
om
al
 R
N
A
 g
en
e,
 p
ar
tia
l s
eq
ue
nc
e 
	
2	
N
C
_0
11
56
7 
An
ox
yb
ac
ill
us
 fl
av
ith
er
m
us
 W
K
1,
 c
om
pl
et
e 
ge
no
m
e 
N
C
_0
14
21
8 
Ar
ca
no
ba
ct
er
iu
m
 h
ae
m
ol
yt
ic
um
 D
SM
 2
05
95
, c
om
pl
et
e 
ge
no
m
e 
N
C
_0
08
54
1 
Ar
th
ro
ba
ct
er
 sp
. F
B
24
, c
om
pl
et
e 
ge
no
m
e.
 
K
X
16
81
40
.1
 
Ar
th
ro
ba
ct
er
 su
bt
er
ra
ne
us
 st
r. 
SB
SK
-4
01
 1
6S
 ri
bo
so
m
al
 R
N
A
 g
en
e,
 p
ar
tia
l s
eq
ue
nc
e 
N
C
_0
21
17
1 
Ba
ci
llu
s s
p.
 1
N
LA
3E
, c
om
pl
et
e 
ge
no
m
e 
N
C
_0
03
90
9 
Ba
ci
llu
s c
er
eu
s A
TC
C
 1
09
87
, c
om
pl
et
e 
ge
no
m
e 
N
C
_0
05
36
3 
Bd
el
lo
vi
br
io
 b
ac
te
ri
ov
or
us
 c
om
pl
et
e 
ge
no
m
e,
 st
ra
in
 H
D
10
0 
K
U
59
35
01
.1
 
Bi
fid
ob
ac
te
ri
um
 a
ni
m
al
is
 st
r. 
D
R
2-
1 
16
S 
rib
os
om
al
 R
N
A
 g
en
e,
 p
ar
tia
l s
eq
ue
nc
e 
C
P0
11
96
5.
1 
Bi
fid
ob
ac
te
ri
um
 lo
ng
um
 su
bs
p.
 lo
ng
um
 st
ra
in
 C
C
U
G
30
69
8,
 c
om
pl
et
e 
ge
no
m
e 
N
C
_0
08
27
7 
Bo
rr
el
ia
 a
fz
el
ii 
PK
o,
 c
om
pl
et
e 
ge
no
m
e 
N
R
_1
21
98
1.
1 
Bo
rr
el
ia
 a
ns
er
in
a 
st
r. 
B
A
2 
23
S 
rib
os
om
al
 R
N
A
 g
en
e,
 c
om
pl
et
e 
se
qu
en
ce
 
K
M
26
94
60
.1
 
Bo
rr
el
ia
 b
is
se
tti
i s
tr.
 M
7p
 2
3S
 ri
bo
so
m
al
 R
N
A
 g
en
e 
N
C
_0
01
31
8 
Bo
rr
el
ia
 b
ur
gd
or
fe
ri
 B
31
 c
hr
om
os
om
e,
 c
om
pl
et
e 
ge
no
m
e 
N
C
_0
17
41
8 
B
or
re
lia
 b
ur
gd
or
fe
ri 
N
40
, c
om
pl
et
e 
ge
no
m
e 
N
C
_0
11
22
9 
Bo
rr
el
ia
 d
ut
to
ni
i L
y,
 c
om
pl
et
e 
ge
no
m
e 
N
C
_0
10
67
3 
Bo
rr
el
ia
 h
er
m
si
i D
A
H
, c
om
pl
et
e 
ge
no
m
e 
N
C
_0
22
07
9 
Bo
rr
el
ia
 m
iy
am
ot
oi
 L
B
-2
00
1,
 c
om
pl
et
e 
ge
no
m
e 
K
U
19
60
80
.1
 
Bo
rr
el
ia
 m
iy
am
ot
oi
 st
r. 
So
no
m
53
 1
6S
 ri
bo
so
m
al
 R
N
A
 g
en
e,
 p
ar
tia
l s
eq
ue
nc
e 
N
C
_0
11
24
4 
Bo
rr
el
ia
 re
cu
rr
en
tis
 A
1,
 c
om
pl
et
e 
ge
no
m
e 
N
C
_0
08
71
0 
Bo
rr
el
ia
 tu
ri
ca
ta
e 
91
E1
35
, c
om
pl
et
e 
ge
no
m
e 
N
C
_0
06
15
6 
Bo
rr
el
ie
lla
 b
av
ar
ie
ns
is
 P
B
i c
hr
om
os
om
e 
lin
ea
r, 
co
m
pl
et
e 
se
qu
en
ce
 
K
X
03
40
21
.1
 
Br
ad
yr
hi
zo
bi
um
 sp
. s
tra
in
 T
C
29
 1
6S
 ri
bo
so
m
al
 R
N
A
 g
en
e,
 p
ar
tia
l s
eq
ue
nc
e 
LC
16
74
84
.1
 
Br
ad
yr
hi
zo
bi
um
 e
lk
an
ii 
ge
ne
 fo
r 1
6S
 ri
bo
so
m
al
 R
N
A
, p
ar
tia
l s
eq
ue
nc
e,
 st
r: 
PH
M
 1
 
N
C
_0
04
46
3 
Br
ad
yr
hi
zo
bi
um
 ja
po
ni
cu
m
 U
SD
A
 1
10
 c
hr
om
os
om
e,
 c
om
pl
et
e 
ge
no
m
e.
 
C
P0
14
86
9.
1 
Br
ev
ib
ac
te
ri
um
 li
ne
ns
 st
r. 
B
S2
58
, c
om
pl
et
e 
ge
no
m
e 
K
X
16
81
31
.1
 
Br
ev
ib
ac
te
ri
um
 o
ce
an
i s
tr.
 S
B
SK
-4
04
 1
6S
 ri
bo
so
m
al
 R
N
A
 g
en
e,
 p
ar
tia
l s
eq
ue
nc
e 
	
3	
C
P0
07
75
8.
1 
Br
uc
el
la
 c
an
is
 st
r. 
R
M
6/
66
 c
hr
om
os
om
e 
1,
 c
om
pl
et
e 
se
qu
en
ce
 
K
X
52
98
32
.1
 
Br
uc
el
la
 c
an
is
 st
r. 
Y
H
-C
16
 1
6S
 ri
bo
so
m
al
 R
N
A
 g
en
e,
 p
ar
tia
l s
eq
ue
nc
e 
N
C
_0
19
75
1 
C
al
ot
hr
ix
 sp
. P
C
C
 6
30
3,
 c
om
pl
et
e 
ge
no
m
e.
 
N
C
_0
08
59
9 
C
am
py
lo
ba
ct
er
 fe
tu
s s
ub
sp
. f
et
us
 8
2-
40
, c
om
pl
et
e 
ge
no
m
e 
N
C
_0
17
29
9 
C
lo
st
ri
di
um
 b
ot
ul
in
um
 H
04
40
2 
06
5,
 c
om
pl
et
e 
ge
no
m
e 
se
qu
en
ce
 
N
C
_0
17
09
6 
C
al
di
se
ri
cu
m
 e
xi
le
 A
ZM
16
c0
1 
D
N
A
, c
om
pl
et
e 
ge
no
m
e.
 
N
C
_0
19
79
1 
C
al
di
sp
ha
er
a 
la
gu
ne
ns
is
 D
SM
 1
59
08
, c
om
pl
et
e 
ge
no
m
e.
 
N
C
_0
02
16
3 
C
am
py
lo
ba
ct
er
 je
ju
ni
 su
bs
p.
 je
ju
ni
 N
C
TC
 1
11
68
 =
 A
TC
C
 7
00
81
9 
ch
r. 
co
m
pl
et
e 
ge
no
m
e 
N
C
_0
13
19
4 
C
an
di
da
tu
s A
cc
um
ul
ib
ac
te
r p
ho
sp
ha
tis
 c
la
de
 II
A
 st
r. 
U
W
-1
, c
om
pl
et
e 
ge
no
m
e 
N
C
_0
13
77
1 
C
an
di
da
tu
s A
te
lo
cy
an
ob
ac
te
ri
um
 th
al
as
sa
 is
ol
at
e 
A
LO
H
A
, c
om
pl
et
e 
ge
no
m
e 
N
C
_0
10
48
2 
C
an
di
da
tu
s K
or
ar
ch
ae
um
 c
ry
pt
of
ilu
m
 O
PF
8,
 c
om
pl
et
e 
ge
no
m
e 
N
C
_0
15
72
2 
C
an
di
da
tu
s M
id
ic
hl
or
ia
 m
ito
ch
on
dr
ii 
Ir
ic
V
A
, c
om
pl
et
e 
ge
no
m
e 
H
F5
68
84
1.
1 
C
an
di
da
tu
s M
id
ic
hl
or
ia
 m
ito
ch
on
dr
ii 
pa
rti
al
 1
6S
 rR
N
A
 g
en
e,
 st
ra
in
 M
A
7 
K
U
86
54
75
.1
 
C
an
di
da
tu
s N
eo
eh
rl
ic
hi
a 
m
ik
ur
en
si
s i
so
la
te
 L
N
5 
16
S 
rR
N
A
 g
en
e,
 p
ar
tia
l s
eq
ue
nc
e 
JX
40
61
80
.1
 
C
an
di
da
tu
s R
ic
ke
tts
ie
lla
 is
op
od
or
um
 st
r. 
JK
I D
24
4/
20
12
 1
6S
 ri
bo
so
m
al
 R
N
A
 (r
rs
) g
en
e 
N
C
_0
20
13
5 
C
an
di
da
tu
s U
zi
nu
ra
 d
ia
sp
id
ic
ol
a 
st
r. 
A
SN
ER
, c
om
pl
et
e 
ge
no
m
e 
N
C
_0
11
91
6 
C
au
lo
ba
ct
er
 c
re
sc
en
tu
s N
A
10
00
, c
om
pl
et
e 
ge
no
m
e 
N
C
_0
14
15
1 
C
el
lu
lo
m
on
as
 fl
av
ig
en
a 
D
SM
 2
01
09
, c
om
pl
et
e 
ge
no
m
e 
N
C
_0
09
48
0 
C
la
vi
ba
ct
er
 m
ic
hi
ga
ne
ns
is
 su
bs
p.
 m
ic
hi
ga
ne
ns
is
 N
C
PP
B
 3
82
 c
om
pl
et
e 
ge
no
m
e 
N
C
_0
09
49
5 
C
lo
st
ri
di
um
 b
ot
ul
in
um
 A
 st
r. 
A
TC
C
 3
50
2 
ch
ro
m
os
om
e,
 c
om
pl
et
e 
ge
no
m
e 
N
C
_0
22
53
8 
co
m
pl
et
e 
ch
ro
m
os
om
e 
Ac
ho
le
pl
as
m
a 
pa
lm
ae
 
N
C
_0
12
59
0 
C
or
yn
eb
ac
te
ri
um
 a
ur
im
uc
os
um
 A
TC
C
 7
00
97
5,
 c
om
pl
et
e 
ge
no
m
e 
N
C
_0
02
93
5 
C
or
yn
eb
ac
te
ri
um
 d
ip
ht
he
ri
ae
 N
C
TC
 1
31
29
, c
om
pl
et
e 
ge
no
m
e 
N
C
_0
03
45
0 
C
or
yn
eb
ac
te
ri
um
 g
lu
ta
m
ic
um
 A
TC
C
 1
30
32
 c
hr
om
os
om
e,
 c
om
pl
et
e 
ge
no
m
e 
N
R
_1
21
99
1.
1 
C
or
yn
eb
ac
te
ri
um
 g
ly
ci
no
ph
ilu
m
 st
r. 
A
J 3
17
0 
23
S 
rR
N
A
 g
en
e 
K
U
31
94
25
.1
 
C
or
yn
eb
ac
te
ri
um
 sp
. C
2-
18
 1
6S
 rR
N
A
 g
en
e,
 p
ar
tia
l s
eq
ue
nc
e 
	
4	
N
C
_0
07
16
4 
C
or
yn
eb
ac
te
ri
um
 je
ik
ei
um
 K
41
1 
co
m
pl
et
e 
ge
no
m
e 
N
C
_0
14
32
9 
C
or
yn
eb
ac
te
ri
um
 p
se
ud
ot
ub
er
cu
lo
si
s F
R
C
41
, c
om
pl
et
e 
ge
no
m
e 
N
C
_0
15
67
3 
C
or
yn
eb
ac
te
ri
um
 re
si
st
en
s D
SM
 4
51
00
, c
om
pl
et
e 
ge
no
m
e 
N
C
_0
21
66
3 
C
or
yn
eb
ac
te
ri
um
 te
rp
en
ot
ab
id
um
 Y
-1
1,
 c
om
pl
et
e 
ge
no
m
e 
N
C
_0
19
75
3 
C
ri
na
liu
m
 e
pi
ps
am
m
um
 P
C
C
 9
33
3,
 c
om
pl
et
e 
ge
no
m
e.
 
N
C
_0
10
53
0 
C
up
ri
av
id
us
 ta
iw
an
en
si
s s
tr.
 L
M
G
19
42
4 
ch
ro
m
os
om
e 
2,
 c
om
pl
et
e 
ge
no
m
e 
N
C
_0
19
77
8 
C
ya
no
ba
ct
er
iu
m
 st
an
ie
ri
 P
C
C
 7
20
2,
 c
om
pl
et
e 
ge
no
m
e 
N
C
_0
13
93
9 
D
ef
er
ri
ba
ct
er
 d
es
ul
fu
ri
ca
ns
 S
SM
1 
D
N
A
, c
om
pl
et
e 
ge
no
m
e 
N
C
_0
13
21
6 
D
es
ul
fo
to
m
ac
ul
um
 a
ce
to
xi
da
ns
 D
SM
 7
71
, c
om
pl
et
e 
ge
no
m
e 
N
C
_0
15
58
9 
D
es
ul
fo
to
m
ac
ul
um
 ru
m
in
is
 D
SM
 2
15
4,
 c
om
pl
et
e 
ge
no
m
e 
N
C
_0
07
35
4 
Eh
rl
ic
hi
a 
ca
ni
s s
tr.
 Ja
ke
, c
om
pl
et
e 
ge
no
m
e 
N
C
_0
07
79
9 
Eh
rl
ic
hi
a 
ch
af
fe
en
si
s s
tr.
 A
rk
an
sa
s, 
co
m
pl
et
e 
ge
no
m
e 
K
T3
08
16
4.
1 
Eh
rl
ic
hi
a 
ch
af
fe
en
si
s i
so
la
te
 1
24
6 
16
S 
rR
N
A
 g
en
e,
 p
ar
tia
l s
eq
ue
nc
e 
N
C
_0
23
06
3 
Eh
rl
ic
hi
a 
m
ur
is
 A
S1
45
, c
om
pl
et
e 
ge
no
m
e.
 
K
P7
02
29
4.
1 
Eh
rl
ic
hi
a 
m
ur
is
 2
3S
 rR
N
A
 g
en
e,
 c
om
pl
et
e 
se
qu
en
ce
 
N
C
_0
05
29
5 
Eh
rl
ic
hi
a 
ru
m
in
an
tiu
m
 st
r. 
W
el
ge
vo
nd
en
, c
om
pl
et
e 
ge
no
m
e 
K
X
18
50
55
.1
 
En
te
ro
co
cc
us
 fa
ec
iu
m
 st
r. 
LU
B
95
02
17
 1
6S
 rR
N
A
 g
en
e,
 p
ar
tia
l s
eq
ue
nc
e 
N
C
_0
15
60
1 
Er
ys
ip
el
ot
hr
ix
 rh
us
io
pa
th
ia
e 
st
r. 
Fu
jis
aw
a 
D
N
A
, c
om
pl
et
e 
ge
no
m
e 
C
P0
15
85
5.
1 
Es
ch
er
ic
hi
a 
co
li 
st
r. 
ED
L9
33
-1
 g
en
om
e 
J0
18
59
.1
 
Es
ch
er
ic
hi
a 
co
li 
16
S 
rR
N
A
, c
om
pl
et
e 
se
qu
en
ce
 
N
C
_0
21
01
9 
Eu
ba
ct
er
iu
m
 c
yl
in
dr
oi
de
s T
2-
87
 d
ra
ft 
ge
no
m
e 
N
C
_0
17
46
1 
Fe
rv
id
ic
oc
cu
s f
on
tis
 K
am
94
0 
ch
ro
m
os
om
e,
 c
om
pl
et
e 
ge
no
m
e 
N
C
_0
06
57
0 
Fr
an
ci
se
lla
 tu
la
re
ns
is
 su
bs
p.
 tu
la
re
ns
is
 S
C
H
U
 S
4 
ch
ro
m
os
om
e,
 c
om
pl
et
e 
ge
no
m
e 
JQ
74
08
90
.1
 
Fr
an
ci
se
lla
-li
ke
 e
nd
os
ym
bi
on
t o
f I
xo
de
s r
ic
in
us
 1
6S
 rR
N
A
 g
en
e,
 p
ar
tia
l s
eq
ue
nc
e 
N
R
_1
22
00
0.
1 
G
ill
ia
m
el
la
 a
pi
co
la
 st
r. 
w
kB
1 
23
S 
rR
N
A
, c
om
pl
et
e 
se
qu
en
ce
 
N
C
_0
10
12
5 
G
lu
co
na
ce
to
ba
ct
er
 d
ia
zo
tr
op
hi
cu
s P
A
l 5
 c
om
pl
et
e 
ge
no
m
e 
	
5	
N
C
_0
18
58
1 
G
or
do
ni
a 
sp
. K
TR
9,
 c
om
pl
et
e 
ge
no
m
e 
N
C
_0
15
15
3 
H
ae
m
op
hi
lu
s i
nf
lu
en
za
e 
F3
03
1 
co
m
pl
et
e 
ge
no
m
e 
N
C
_0
13
42
2 
H
al
ot
hi
ob
ac
ill
us
 n
ea
po
lit
an
us
 c
2,
 c
om
pl
et
e 
ge
no
m
e 
N
C
_0
15
56
4 
H
oy
os
el
la
 su
bf
la
va
 D
Q
S3
-9
A
1,
 c
om
pl
et
e 
ge
no
m
e 
N
C
_0
15
58
8 
Is
op
te
ri
co
la
 v
ar
ia
bi
lis
 2
25
, c
om
pl
et
e 
ge
no
m
e 
N
C
_0
13
17
4 
Jo
ne
si
a 
de
ni
tr
ifi
ca
ns
 D
SM
 2
06
03
, c
om
pl
et
e 
ge
no
m
e 
K
X
69
17
37
.1
 
K
le
bs
ie
lla
 sp
. s
tra
in
 1
7L
K
A
 1
6S
 rR
N
A
 g
en
e,
 p
ar
tia
l s
eq
ue
nc
e 
N
C
_0
10
61
7 
K
oc
ur
ia
 rh
iz
op
hi
la
 D
C
22
01
 D
N
A
, c
om
pl
et
e 
ge
no
m
e 
N
C
_0
12
78
5 
K
os
m
ot
og
a 
ol
ea
ri
a 
TB
F 
19
.5
.1
, c
om
pl
et
e 
ge
no
m
e 
C
P0
13
21
7.
1 
K
ur
th
ia
 sp
. 1
1k
ri3
21
, c
om
pl
et
e 
ge
no
m
e 
K
C
90
42
44
.1
 
K
ur
th
ia
 sp
. L
A
M
06
18
 1
6S
 rR
N
A
 g
en
e,
 p
ar
tia
l s
eq
ue
nc
e 
N
C
_0
06
08
7 
Le
ifs
on
ia
 x
yl
i s
ub
sp
. x
yl
i s
tr.
 C
TC
B
07
, c
om
pl
et
e 
ge
no
m
e 
N
C
_0
13
19
2 
Le
pt
ot
ri
ch
ia
 b
uc
ca
lis
 D
SM
 1
13
5,
 c
om
pl
et
e 
ge
no
m
e 
N
C
_0
06
05
5 
M
es
op
la
sm
a 
flo
ru
m
 L
1 
ch
ro
m
os
om
e,
 c
om
pl
et
e 
ge
no
m
e 
N
C
_0
02
67
8 
M
es
or
hi
zo
bi
um
 lo
ti 
M
A
FF
30
30
99
 D
N
A
, c
om
pl
et
e 
ge
no
m
e 
N
C
_0
23
04
4 
M
et
ha
no
ba
ct
er
iu
m
 sp
. M
B
1 
co
m
pl
et
e 
se
qu
en
ce
 
N
C
_0
21
35
5 
M
et
ha
no
br
ev
ib
ac
te
r s
p.
 A
bM
4,
 c
om
pl
et
e 
ge
no
m
e 
N
C
_0
00
90
9 
M
et
ha
no
ca
ld
oc
oc
cu
s j
an
na
sc
hi
i D
SM
 2
66
1,
 c
om
pl
et
e 
ge
no
m
e 
N
C
_0
03
55
1 
M
et
ha
no
py
ru
s k
an
dl
er
i A
V
19
, c
om
pl
et
e 
ge
no
m
e 
N
C
_0
09
71
2 
M
et
ha
no
re
gu
la
 b
oo
ne
i 6
A
8,
 c
om
pl
et
e 
ge
no
m
e 
N
C
_0
19
94
3 
M
et
ha
no
re
gu
la
 fo
rm
ic
ic
a 
SM
SP
, c
om
pl
et
e 
ge
no
m
e 
N
C
_0
07
79
6 
M
et
ha
no
sp
ir
ill
um
 h
un
ga
te
i J
F-
1,
 c
om
pl
et
e 
ge
no
m
e 
N
C
_0
00
91
6 
M
et
ha
no
th
er
m
ob
ac
te
r t
he
rm
au
to
tr
op
hi
cu
s s
tr.
 D
el
ta
 H
, c
om
pl
et
e 
ge
no
m
e 
N
C
_0
15
63
6 
M
et
ha
no
th
er
m
oc
oc
cu
s o
ki
na
w
en
si
s I
H
1,
 c
om
pl
et
e 
ge
no
m
e 
N
C
_0
18
48
5 
M
et
hy
lo
cy
st
is
 sp
. S
C
2 
co
m
pl
et
e 
ge
no
m
e 
N
C
_0
14
24
6 
M
ob
ilu
nc
us
 c
ur
tis
ii 
A
TC
C
 4
30
63
, c
om
pl
et
e 
ge
no
m
e 
	
6	
N
C
_0
14
14
7 
M
or
ax
el
la
 c
at
ar
rh
al
is
 B
B
H
18
, c
om
pl
et
e 
ge
no
m
e 
N
C
_0
20
41
8 
M
or
ga
ne
lla
 m
or
ga
ni
i s
ub
sp
. m
or
ga
ni
i K
T,
 c
om
pl
et
e 
ge
no
m
e 
N
C
_0
02
94
4 
M
yc
ob
ac
te
ri
um
 a
vi
um
 su
bs
p.
 p
ar
at
ub
er
cu
lo
si
s s
tr.
 k
10
, c
om
pl
et
e 
ge
no
m
e 
N
C
_0
23
03
6 
M
yc
ob
ac
te
ri
um
 n
eo
au
ru
m
 V
K
M
 A
c-
18
15
D
, c
om
pl
et
e 
ge
no
m
e 
N
C
_0
11
02
5 
M
yc
op
la
sm
a 
ar
th
ri
tid
is
 1
58
L3
-1
, c
om
pl
et
e 
ge
no
m
e 
N
C
_0
07
63
3 
M
yc
op
la
sm
a 
ca
pr
ic
ol
um
 su
bs
p.
 c
ap
ri
co
lu
m
 A
TC
C
 2
73
43
, c
om
pl
et
e 
ge
no
m
e 
N
C
_0
13
51
1 
M
yc
op
la
sm
a 
ho
m
in
is
 A
TC
C
 2
31
14
 c
hr
om
os
om
e 
co
m
pl
et
e 
ge
no
m
e 
N
C
_0
06
36
0 
M
yc
op
la
sm
a 
hy
op
ne
um
on
ia
e 
23
2,
 c
om
pl
et
e 
ge
no
m
e 
N
C
_0
05
36
4 
M
yc
op
la
sm
a 
m
yc
oi
de
s s
ub
sp
. m
yc
oi
de
s S
C
 st
r. 
PG
1 
ch
ro
m
os
om
e,
 c
om
pl
et
e 
ge
no
m
e 
N
C
_0
04
43
2 
M
yc
op
la
sm
a 
pe
ne
tr
an
s H
F-
2 
D
N
A
, c
om
pl
et
e 
ge
no
m
e 
N
C
_0
15
15
3 
M
yc
op
la
sm
a 
su
is
 K
I3
80
6 
co
m
pl
et
e 
ge
no
m
e 
K
U
59
72
23
.1
 
M
uc
ila
gi
ni
ba
ct
er
 sp
. s
tr.
 JW
p3
2 
16
S 
rR
N
A
 g
en
e,
 p
ar
tia
l s
eq
ue
nc
e 
N
R
_0
76
63
5.
1 
N
eo
ri
ck
et
ts
ia
 ri
st
ic
ii 
st
r. 
Ill
in
oi
s 2
3S
 rR
N
A
 g
en
e,
 c
om
pl
et
e 
se
qu
en
ce
 
N
C
_0
07
79
8 
N
eo
ri
ck
et
ts
ia
 se
nn
et
su
 st
r. 
M
iy
ay
am
a,
 c
om
pl
et
e 
ge
no
m
e 
N
C
_0
07
40
6 
N
itr
ob
ac
te
r w
in
og
ra
ds
ky
i N
b-
25
5,
 c
om
pl
et
e 
ge
no
m
e 
N
C
_0
15
22
2 
N
itr
os
om
on
as
 sp
. A
L2
12
, c
om
pl
et
e 
ge
no
m
e 
N
C
_0
10
08
5 
N
itr
os
op
um
ilu
s m
ar
iti
m
us
 S
C
M
1 
ch
ro
m
os
om
e,
 c
om
pl
et
e 
ge
no
m
e 
N
C
_0
06
36
1 
N
oc
ar
di
a 
fa
rc
in
ic
a 
IF
M
 1
01
52
 D
N
A
, c
om
pl
et
e 
ge
no
m
e 
N
C
_0
08
69
9 
N
oc
ar
di
oi
de
s s
p.
 JS
61
4,
 c
om
pl
et
e 
ge
no
m
e 
N
C
_0
18
52
4 
N
oc
ar
di
op
si
s a
lb
a 
A
TC
C
 B
A
A
-2
16
5,
 c
om
pl
et
e 
ge
no
m
e 
N
C
_0
05
30
3 
O
ni
on
 y
el
lo
w
s p
hy
to
pl
as
m
a 
O
Y
-M
 D
N
A
, c
om
pl
et
e 
ge
no
m
e 
N
C
_0
08
71
1 
Pa
en
ar
th
ro
ba
ct
er
 a
ur
es
ce
ns
 T
C
1,
 c
om
pl
et
e 
ge
no
m
e 
N
C
_0
15
70
2 
Pa
ra
ch
la
m
yd
ia
 a
ca
nt
ha
m
oe
ba
e 
U
V
-7
, c
om
pl
et
e 
ge
no
m
e 
N
C
_0
20
51
4 
Pa
ra
gl
ac
ie
co
la
 p
sy
ch
ro
ph
ila
 1
70
, c
om
pl
et
e 
ge
no
m
e.
 
N
C
_0
14
41
4 
Pa
rv
ul
ar
cu
la
 b
er
m
ud
en
si
s H
TC
C
25
03
 st
r. 
H
TC
C
25
03
, c
om
pl
et
e 
ge
no
m
e 
N
C
_0
14
53
7 
Pa
rv
ul
ar
cu
la
 b
er
m
ud
en
si
s H
TC
C
25
03
 st
r. 
H
TC
C
25
03
, c
om
pl
et
e 
ge
no
m
e 
	
7	
N
C
_0
16
60
5 
Pe
di
oc
oc
cu
s c
la
us
se
ni
i A
TC
C
 B
A
A
-3
44
, c
om
pl
et
e 
ge
no
m
e 
N
C
_0
08
60
9 
Pe
lo
ba
ct
er
 p
ro
pi
on
ic
us
 D
SM
 2
37
9,
 c
om
pl
et
e 
ge
no
m
e 
N
C
_0
12
44
0 
Pe
rs
ep
ho
ne
lla
 m
ar
in
a 
EX
-H
1,
 c
om
pl
et
e 
ge
no
m
e 
N
C
_0
11
14
4 
Ph
en
yl
ob
ac
te
ri
um
 zu
ci
ne
um
 H
LK
1,
 c
om
pl
et
e 
ge
no
m
e 
N
C
_0
12
96
2 
Ph
ot
or
ha
bd
us
 a
sy
m
bi
ot
ic
a 
A
TC
C
43
94
9 
co
m
pl
et
e 
ge
no
m
e 
N
C
_0
19
68
9 
Pl
eu
ro
ca
ps
a 
sp
. P
C
C
 7
32
7,
 c
om
pl
et
e 
ge
no
m
e 
N
C
_0
15
50
1 
Po
rp
hy
ro
m
on
as
 a
sa
cc
ha
ro
ly
tic
a 
D
SM
 2
07
07
, c
om
pl
et
e 
ge
no
m
e 
N
C
_0
04
57
8 
Ps
eu
do
m
on
as
 sy
ri
ng
ae
 p
v.
 to
m
at
o 
st
r. 
D
C
30
00
 c
hr
om
os
om
e,
 c
om
pl
et
e 
ge
no
m
e 
N
C
_0
12
66
0 
Ps
eu
do
m
on
as
 fl
uo
re
sc
en
s S
B
W
25
 c
om
pl
et
e 
ge
no
m
e 
N
C
_0
23
06
4 
Ps
eu
do
m
on
as
 sp
. T
K
P,
 c
om
pl
et
e 
ge
no
m
e 
N
C
_0
21
08
5 
Pr
op
io
ni
ba
ct
er
iu
m
 a
cn
es
 H
L0
96
PA
1,
 c
om
pl
et
e 
ge
no
m
e 
K
X
10
89
30
.1
 
Pr
op
io
ni
ba
ct
er
iu
m
 a
cn
es
 st
r. 
IR
-T
U
M
S/
B
PG
6 
16
S 
rib
os
om
al
 R
N
A
 g
en
e 
N
C
_0
15
17
7 
Ps
eu
do
pe
do
ba
ct
er
 sa
lta
ns
 D
SM
 1
21
45
, c
om
pl
et
e 
ge
no
m
e 
N
C
_0
18
14
2 
Ps
eu
do
pr
op
io
ni
ba
ct
er
iu
m
 p
ro
pi
on
ic
um
 F
02
30
a,
 c
om
pl
et
e 
ge
no
m
e 
N
C
_0
08
70
9 
Ps
yc
hr
om
on
as
 in
gr
ah
am
ii 
37
, c
om
pl
et
e 
ge
no
m
e 
N
C
_0
03
36
4 
Py
ro
ba
cu
lu
m
 a
er
op
hi
lu
m
 st
r. 
IM
2 
ch
ro
m
os
om
e,
 c
om
pl
et
e 
ge
no
m
e 
N
C
_0
15
93
1 
Py
ro
lo
bu
s f
um
ar
ii 
1A
, c
om
pl
et
e 
ge
no
m
e 
C
P0
16
81
9.
1 
Rh
od
oc
oc
cu
s s
p.
 p
52
, c
om
pl
et
e 
ge
no
m
e 
A
M
17
98
67
.1
 
Rh
od
oc
oc
cu
s s
p.
 A
83
 A
83
 A
83
 A
83
 p
ar
tia
l 1
6S
 rR
N
A
 g
en
e,
 is
ol
at
e 
A
83
 
N
C
_0
05
29
6 
Rh
od
op
se
ud
om
on
as
 p
al
us
tr
is
 C
G
A
00
9 
co
m
pl
et
e 
ge
no
m
e 
N
C
_0
07
94
0 
Ri
ck
et
ts
ia
 b
el
lii
 R
M
L3
69
-C
, c
om
pl
et
e 
ge
no
m
e 
N
C
_0
07
10
9 
Ri
ck
et
ts
ia
 fe
lis
 U
R
R
W
X
C
al
2,
 c
om
pl
et
e 
ge
no
m
e 
N
C
_0
06
14
2 
Ri
ck
et
ts
ia
 ty
ph
i s
tr.
 W
ilm
in
gt
on
, c
om
pl
et
e 
ge
no
m
e 
K
P9
94
76
4.
1 
Ri
ck
et
ts
ie
lla
 e
nd
os
ym
bi
on
t o
f I
xo
de
s t
as
m
an
i i
so
la
te
 Ix
o 
ta
sm
an
i3
 2
3S
 ri
bo
so
m
al
  
K
T6
97
68
5.
1 
Ri
ck
et
ts
ie
lla
 sp
. R
K
TS
LL
A
_T
32
62
 1
6S
 rR
N
A
 g
en
e,
 p
ar
tia
l s
eq
ue
nc
e 
N
C
_0
14
92
0 
Ro
th
ia
 d
en
to
ca
ri
os
a 
A
TC
C
 1
79
31
, c
om
pl
et
e 
ge
no
m
e 
	
8	
N
C
_0
13
71
5 
Ro
th
ia
 m
uc
ila
gi
no
sa
 D
Y
-1
8 
D
N
A
, c
om
pl
et
e 
ge
no
m
e 
N
C
_0
09
09
2 
Sh
ew
an
el
la
 lo
ih
ic
a 
PV
-4
, c
om
pl
et
e 
ge
no
m
e 
N
C
_0
20
52
7 
Si
no
rh
iz
ob
iu
m
 m
el
ilo
ti 
20
11
 p
la
sm
id
 p
Sy
m
A
, c
om
pl
et
e 
se
qu
en
ce
 
N
C
_0
12
58
7 
Si
no
rh
iz
ob
iu
m
 fr
ed
ii 
N
G
R
23
4 
ch
ro
m
os
om
e,
 c
om
pl
et
e 
ge
no
m
e 
K
X
67
28
14
.1
 
Sp
hi
ng
om
on
as
 sp
. K
-1
6 
16
S 
rR
N
A
 g
en
e,
 p
ar
tia
l s
eq
ue
nc
e 
N
C
_0
09
51
1 
Sp
hi
ng
om
on
as
 w
itt
ic
hi
i R
W
1,
 c
om
pl
et
e 
ge
no
m
e 
LN
01
93
99
.1
 
Sp
ir
om
et
ra
 e
ri
na
ce
ie
ur
op
ae
i g
en
om
e 
as
se
m
bl
y 
S_
er
in
ac
ei
eu
ro
pa
ei
 
N
C
_0
08
04
8 
Sp
hi
ng
op
yx
is
 a
la
sk
en
si
s R
B
22
56
, c
om
pl
et
e 
ge
no
m
e 
N
C
_0
22
99
8 
Sp
ir
op
la
sm
a 
ap
is
 B
31
, c
om
pl
et
e 
ge
no
m
e 
N
C
_0
21
83
3 
Sp
ir
op
la
sm
a 
di
m
in
ut
um
 C
U
A
S-
1,
 c
om
pl
et
e 
ge
no
m
e 
N
C
_0
21
84
6 
Sp
ir
op
la
sm
a 
ta
iw
an
en
se
 C
T-
1,
 c
om
pl
et
e 
ge
no
m
e 
N
C
_0
21
28
0 
Sp
ir
op
la
sm
a 
ch
ry
so
pi
co
la
 D
F-
1,
 c
om
pl
et
e 
ge
no
m
e 
K
P9
67
68
5.
1 
Sp
ir
op
la
sm
a 
sp
. B
ra
tis
la
va
 1
 1
6S
 rR
N
A
 g
en
e,
 p
ar
tia
l s
eq
ue
nc
e 
D
Q
00
49
12
.1
 
Sp
ir
op
la
sm
a 
ix
od
et
is
 st
r. 
Y
-3
0 
16
S 
rR
N
A
 g
en
e 
an
d 
23
S 
rR
N
A
  
FJ
82
45
53
.1
 
Sp
ir
op
la
sm
a 
sp
. G
SU
55
08
 2
3S
 rR
N
A
 g
en
e,
 p
ar
tia
l s
eq
ue
nc
e 
N
C
_0
02
97
6 
St
ap
hy
lo
co
cc
us
 e
pi
de
rm
id
is
 R
P6
2A
, c
om
pl
et
e 
ge
no
m
e 
N
C
_0
07
16
8 
St
ap
hy
lo
co
cc
us
 h
ae
m
ol
yt
ic
us
 JC
SC
14
35
 D
N
A
, c
om
pl
et
e 
ge
no
m
e 
N
C
_0
20
16
4 
St
ap
hy
lo
co
cc
us
 w
ar
ne
ri
 S
G
1,
 c
om
pl
et
e 
ge
no
m
e 
N
C
_0
03
09
8 
St
re
pt
oc
oc
cu
s p
ne
um
on
ia
e 
R
6 
ch
ro
m
os
om
e,
 c
om
pl
et
e 
ge
no
m
e 
N
C
_0
12
00
4 
St
re
pt
oc
oc
cu
s u
be
ri
s 0
14
0J
 c
om
pl
et
e 
ge
no
m
e 
K
X
67
94
04
.1
 
St
re
pt
oc
oc
cu
s s
p.
 H
TS
29
 1
6S
 rR
N
A
 g
en
e,
 p
ar
tia
l s
eq
ue
nc
e 
N
C
_0
02
75
4 
Su
lfo
lo
bu
s s
ol
fa
ta
ri
cu
s P
2,
 c
om
pl
et
e 
ge
no
m
e 
N
C
_0
07
77
5 
Sy
ne
ch
oc
oc
cu
s s
p.
 JA
-3
-3
A
b,
 c
om
pl
et
e 
ge
no
m
e 
N
C
_0
12
99
7 
Te
re
di
ni
ba
ct
er
 tu
rn
er
ae
 T
79
01
, c
om
pl
et
e 
ge
no
m
e 
N
C
_0
22
09
3 
Th
er
m
of
ilu
m
 sp
. 1
91
0b
, c
om
pl
et
e 
ge
no
m
e 
N
C
_0
17
95
4 
Th
er
m
og
la
di
us
 c
el
lu
lo
ly
tic
us
 1
63
3,
 c
om
pl
et
e 
ge
no
m
e 
	
9	
N
C
_0
09
61
6 
Th
er
m
os
ip
ho
 m
el
an
es
ie
ns
is
 B
I4
29
, c
om
pl
et
e 
ge
no
m
e 
N
C
_0
18
01
2 
Th
io
cy
st
is
 v
io
la
sc
en
s D
SM
 1
98
, c
om
pl
et
e 
ge
no
m
e 
N
C
_0
02
96
7 
Tr
ep
on
em
a 
de
nt
ic
ol
a 
A
TC
C
 3
54
05
 c
hr
om
os
om
e,
 c
om
pl
et
e 
ge
no
m
e 
N
C
_0
14
15
8 
Ts
uk
am
ur
el
la
 p
au
ro
m
et
ab
ol
a 
D
SM
 2
01
62
, c
om
pl
et
e 
ge
no
m
e 
N
C
_0
02
16
2 
U
re
ap
la
sm
a 
pa
rv
um
 se
ro
va
r 3
 st
r. 
A
TC
C
 7
00
97
0,
 c
om
pl
et
e 
ge
no
m
e 
LT
60
78
03
.1
 
Va
ri
ov
or
ax
 sp
. H
W
60
8 
ge
no
m
e 
as
se
m
bl
y,
 c
hr
om
os
om
e:
 I 
A
B
30
05
97
.1
 
Va
ri
ov
or
ax
 b
or
on
ic
um
ul
an
s g
en
e 
fo
r 1
6S
 rR
N
A
, p
ar
tia
l s
eq
ue
nc
e 
N
C
_0
14
64
3 
Vu
lc
an
is
ae
ta
 d
is
tr
ib
ut
a 
D
SM
 1
44
29
, c
om
pl
et
e 
ge
no
m
e 
N
C
_0
15
75
9 
W
ei
ss
el
la
 k
or
ee
ns
is
 K
A
C
C
 1
55
10
, c
om
pl
et
e 
ge
no
m
e 
N
C
_0
10
98
1 
W
ol
ba
ch
ia
 e
nd
os
ym
bi
on
t o
f C
ul
ex
 q
ui
nq
ue
fa
sc
ia
tu
s P
el
 st
r w
Pi
p 
co
m
pl
et
e 
ge
no
m
e 
N
C
_0
02
97
8 
W
ol
ba
ch
ia
 e
nd
os
ym
bi
on
t o
f D
ro
so
ph
ila
 m
el
an
og
as
te
r, 
co
m
pl
et
e 
ge
no
m
e 
N
C
_0
18
26
7 
W
ol
ba
ch
ia
 e
nd
os
ym
bi
on
t o
f O
nc
ho
ce
rc
a 
oc
he
ng
i c
om
pl
et
e 
ge
no
m
e 
N
C
_0
06
83
3 
W
ol
ba
ch
ia
 e
nd
os
ym
bi
on
t s
tr.
 T
R
S 
of
 B
ru
gi
a 
m
al
ay
i, 
co
m
pl
et
e 
ge
no
m
e 
N
C
_0
06
52
6 
Zy
m
om
on
as
 m
ob
ili
s s
ub
sp
. m
ob
ili
s Z
M
4,
 c
om
pl
et
e 
ge
no
m
e 
K
T1
51
39
8.
1 
U
nc
ul
tu
re
d 
Ly
so
ba
ct
er
 sp
. c
lo
ne
 A
T2
04
 1
6S
 rR
N
A
 g
en
e,
 p
ar
tia
l s
eq
ue
nc
e 
JQ
65
41
70
.1
 
U
nc
ul
tu
re
d 
Tr
ep
on
em
a 
sp
. c
lo
ne
 5
:7
P5
6 
16
S 
rR
N
A
 g
en
e,
 p
ar
tia
l s
eq
ue
nc
e 
K
X
63
01
21
.1
 
U
nc
ul
tu
re
d 
ba
ct
er
iu
m
 c
lo
ne
 1
6S
(V
3-
V
4)
-7
60
6 
16
S 
rR
N
A
 g
en
e,
 p
ar
tia
l s
eq
ue
nc
e 
	 	
